ABSTRACT BACKGROUND. The relationship between media exposure and school performance has not been studied extensively in adolescents.
O VER THE PAST 20 years, US children have been participants in what is called, a "mass media explosion." In 2000, 97% of American homes with children had television sets, 97% had a video cassette recorder, and 89% had a personal computer or other video game-capable equipment. 1 More than 70% of US homes had Ͼ1 television set, 69% had cable television, and 15% had satellite television service. 2 As a result, children spend ϳ40 hours per week consuming all forms of media; more than half of this time is spent watching television, movies, or videos. 3 Television exposure has been linked to obesity, aggression, and high-risk behavior. [4] [5] [6] [7] [8] [9] [10] However, studies of the relationship between television exposure and school performance have focused primarily on exposure during the preschool years and have yielded conflicting results. [10] [11] [12] [13] [14] [15] [16] [17] One longitudinal study found that increased television screen time during the preschool years was related to higher grades for boys and lower grades for girls during high school. 14 Content of television programs viewed had a differential effect on school performance for boys and girls. For example, exposure to more violent programming was related to worse academic performance for girls during high school. However, for both boys and girls, exposure to educational programming was related to less aggression and higher grades during high school. 14 More recently, both a longitudinal and a cross-sectional study found an association between increased television screen time and worse academic achievement. [15] [16] [17] However, these studies were criticized for not also assessing the content of television programs viewed. 18 We hypothesized that both screen time and media content would have independent associations with school performance. Based on previous studies, screen time is an obvious choice as a mediator for a detrimental effect on school performance, because it "displaces" time that would normally be spent doing schoolwork, reading for pleasure, or engaging in other educational activities. Studies have documented a relationship between increased screen time and decreased time spent reading and doing homework, 19, 20 and Anderson et al 14 have referred to this mechanism as the "displacement hypothesis." Content of television, movies, and videos could also affect school performance. Although educational content could enhance school function (as demonstrated by Anderson et al 14 ) , increased exposure to violence, sexuality, and so forth has been shown to enhance engagement in more high-risk behaviors, [4] [5] [6] [7] [8] [9] [10] which is associated with poorer school performance. 21 This mechanism has been referred to as the "content hypothesis." 14 In the present analysis, we sought to provide information on the association among television, movie, and video game use and school performance among adolescents, a group for which few data are available. In addition, we aimed to separate the effects of screen time versus content to test both the displacement or content hypotheses.
METHODS

Design/Setting/Participants
We invited middle school students to participate in a survey about "the effects of media on children." Students were recruited from 15 New Hampshire and Vermont middle schools (grades [5] [6] [7] [8] , limiting eligibility to those with Ն150 students. The communities served by these schools ranged from towns with Ͻ2000 persons to cities of Ն100 000. The population was predominantly white, and most parents had graduated from high school. A confidential student survey was administered during class time by survey proctors during September 1999. Additional details about the study sampling method are available elsewhere. 9 The study protocol was approved by the Dartmouth College Human Subjects Committee.
Of 5902 total students, 128 parents or students (2.2%) refused participation, and 380 students (6.4%) were absent (average participation rate by school: 91.4%). Of the 5394 students who completed the survey, 886 were excluded because of missing data for Ն1 covariate, providing a final sample of 4508 adolescents.
Survey Measures: Main Outcome
School performance was assessed by self-report responses to the following question: "How would you describe your grades last year?" (excellent, good, average, or below average). Past reports have corroborated self-reports of student school performance by adolescents with teacher reports. 22 
Screen-Time Measures
To test the displacement hypothesis, we used 4 variables that measured time spent with visual media: television/ movie weekday screen time, television/movie weekend screen time, video game weekday screen time, and video game weekend screen time. We hypothesized that if the displacement hypothesis was most important, then weekday screen time would have a stronger relationship with school performance than weekend screen time, because it would conflict with demands to complete homework for the following school day. The weekday (and weekend) screen-time variables were derived from the responses to the following questions: "On school days (or weekends), how many hours a day do you watch TV? (Include the time you spend watching TV or movies on video, but NOT time you spend playing video games)" (0 ϭ none, 1 ϭ Ͻ1 hour, 2 ϭ 1-3 hours, 3 ϭ 4 -7 hours, 4 ϭ Ն8 hours) and "On school days (or weekends), how many hours a day do you play video games? (0 ϭ none, 1 ϭ Ͻ1 hour, 2 ϭ 1-3 hours, 3 ϭ 4 -7 hours, 4 ϭ Ն8 hours). 
Content Measures
To test the content hypothesis, we used 3 variables: cable movie channel availability, parental television content restriction, and parental R-rated movie restriction. To measure cable movie channel availability, subjects responded to the following question: "Do you have any of these special channels at home? Check all that you have." (Cinemax, The Movie Channel, HBO, and Showtime). The variable was coded to reflect the number of channels checked as available in the home. We postulated that exposure to more cable movie channels would increase the likelihood of exposure to adult themes depicted in the movies and programs delivered by these channels.
The parental television restriction variable coded responses to: "Are you allowed to watch anything you want on TV?" (yes or no). The parental R-rated movie restriction variable reflected responses to the following question: "How often do your parents let you watch movies and videos that are rated R?" (never, once in a while, sometimes, or all the time). We asked specifically about R-rated movies because in the United States, the Motion Picture Association of America uses the "R" rating to designate a movie that is intended for older adolescents and adults ("Under 17 requires accompanying parent or adult guardian").
Validation of Media Measures
We expected content measures to be more highly associated with viewing adult media venues than screentime measures. To validate this presumption, we assessed their relationship with an R-rated movie exposure variable. The R-rated movie exposure variable was derived from an assessment of movie exposure that has been described previously, 9 for which we randomly selected 50 movie titles from a pool of 601 popular contemporary movies (each adolescent responded to a unique list of 50 movie titles, 23 of which were R-rated titles). Adolescents in this study sample had seen a median of 3 (interquartile range: 1-7) of the 23 R-rated movie titles on their movie list. We regressed the number of R-rated movies seen against the media variables, controlling for age, gender, school, parent education, parenting style, rebelliousness, sensation seeking, and self-esteem (see below for a full description of the covariates), and accounting for clustering by school. As predicted, the 3 media content measures were significantly associated with the outcome, with the number of R-rated movies increasing by an average of 0.57 (interquartile range: 0.46 -0.68) for each 1 point increase in cable movie channel availability, decreasing by an average 0.59 (interquartile range: 0.32-0.86) with television content restriction, and decreasing by an average of 1.50 (95% confidence interval [CI]: 1.29 -1.71) for each 1 point increase in parental R-rated movie restriction. There was no association between any of the 4 measures of time spent with media and R-rated movie exposure. Thus, parental R-movie restriction, cable movie channel availability, and television content restriction are associated with exposure to adult entertainment media, whereas weekday and weekend screen time are not, validating the notion that these 2 classes of variables may be used to distinguish between the content and the displacement hypotheses.
Measured Covariates
We sought to distinguish between the effects of media exposure and the effects of other variables (confounders) that might affect school performance and also be related to media exposure. We present these variables in 3 general classes: parenting style, child personality, and demographics.
Parenting Style
Parental television and R-rated movie restriction could simply reflect the general effect of parenting style on school performance. Increased parental support, communication, and limit setting have been related to less high-risk behavior 23 and better school performance 24, 25 in adolescents. Hence, we believed parenting style to be an important potential confounder in the relationship between adolescent television, movie, and video game use and school performance. Moreover, we thought it important to distinguish between general measures of parenting style and media-specific parenting, such as Rrated movie restrictions, which were specifically hypothesized to influence school performance by affecting media content.
To capture parenting style, subjects responded to questions about their mothers, based on Baumrind's 26 authoritative parenting construct, and using items validated previously in adolescents by Jackson et al. 27 Authoritative parenting captures 2 domains: maternal support (also termed responsiveness) and maternal control (which taps monitoring and limit setting and is also referred to as demandingness). Responses to 4 questions ("she makes me feel better when I'm upset," "she listens to what I have to say," "she wants to hear about my problems," and "she is too busy to talk to me") were combined to create a maternal support index (range: 0 -12). Responses to another 4 questions ("she tells me what time I have to be home," "she asks me what I do with my friends," "she knows where I am after school," and "she always makes me follow her rules") were combined to create a maternal control index (range: 0 -12). A higher value on both indexes indicates a more authoritative parenting style, which has been related in previous studies to decreased high-risk behavior and better school outcomes in adolescents. [23] [24] [25] [26] [27] Cronbach's ␣ for the maternal support index (.77) and the maternal control index (.60) have been published previously. 9 Child Personality Previous work has shown that adolescents with low self-esteem and high levels of rebelliousness or sensation seeking have increased media exposure. [7] [8] [9] These factors are also linked with engagement in high-risk behaviors and worse school performance [28] [29] [30] ; hence, we included these child personality characteristics as covariates in this analysis. Items for the indexes used to capture these domains and their Cronbach's ␣ have been published previously. 9 The self-esteem index (range: 0 -24; Cronbach's ␣ ϭ .74) included the following items: "I will be successful when I grow up," "I wish I was someone else," "I like myself the way I am," "I am happy with how I look," " I wish I was better looking," "I worry that other kids don't like me," "I feel tired all the time," and "I often feel sad." Items for the rebelliousness index (range: 0 -21; Cronbach's ␣ ϭ .73) included: "I get in trouble in school," "I argue a lot with other kids," "I do things my parents wouldn't want me to do," I do what my teachers tell me to do," "I sometimes take things that don't belong to me," "I argue with my teachers," and "I like to break the rules." Items for the sensation-seeking index (range: 0 -18; Cronbach's ␣ ϭ .69) included: "I like to do scary things," "I get bored being with the same friends all the time," "I would like to try drinking alcohol or beer," "I like to do dangerous things," "I often think there is nothing to do," and "I like to listen to loud music."
Demographics
Demographics and socioeconomic status could be associated with media exposure and school performance. Subjects answered questions about their gender, current grade in school, and their age. Because previous work has demonstrated that "age for grade" is a risk factor for poor school performance, 31 we created a dichotomous variable to code for whether a subject was younger than the modal age for his grade and another to indicate whether a subject was older than the modal age for grade.
Previous investigators have suggested that television use by children of lower socioeconomic status may be particularly beneficial to their school performance. [12] [13] [14] 32 In a study by Fetler, 12 among children in lower socioeconomic class homes, those who watched little/no television had worse academic performance than those who watched moderate amounts of television. Conversely, among children from higher socioeconomic class homes, children who watched little/no television had better academic performance than those who watched moderate amounts. 12, 13 Hence, we believed that socioeconomic status may be an important confounder of the relationship between television, movie, and video game use and school performance. A categorical variable was created to reflect whether parents had graduated from high school (both parents, 1 parent, or neither parent). In addition, because we did not have rich individual measures of family socioeconomic status, we used data from the New Hampshire and Vermont Departments of Education Web sites to obtain socioeconomic data (percent of students eligible for free lunch) for each of the 15 schools. 33, 34 We categorized school socioeconomic status into the following groups: Ն30% of students receive free lunch, 6%-29% of students receive free lunch, and Ͻ6% of students receive free lunch.
Statistical Analysis
First, to test whether subjects included in this study differed from those with missing data, we compared demographics and media use for the 2 groups. We used
To test the assumption that the covariates detailed above were indeed potential confounders of the relationship between media use and school performance, we examined the relationship between media use and each covariate. Because the media use variables were ordered categorical scales, we used nonparametric statistics, calculating Spearman correlations.
To evaluate the association between poorer school performance and media use, we used ordinal logistic regression with an ordinal school performance variable (excellent, good, average, or poor) as the dependent variable so that we were modeling the odds of performing more poorly. To test the suitability of using the linear form of our media exposure indices in the final regression equation, we plotted line graphs with the x-axis representing the media exposure categories and the yaxis representing the proportion of subjects with excellent, good, average, and poor school performance for each category.
We used ordinal logistic-regression analysis to calculate adjusted odds ratios (ORs) and 95% CIs for the relationship between school performance and each of the media use variables while adjusting for parenting style, child personality, demographics, and clustering by school. This model gives cumulative ORs modeling the probability of being in any higher category on the school performance variable given a baseline category. With an ordered dependent variable, these models have the advantage of retaining information that would be lost by combining the data into 2 arbitrary groups, as one does when using logistic regression. Finally, we tested for interactions between each of the media use variables and the following covariates for which effect modification has been suggested in previous studies: gender, parental education, and socioeconomic status.
RESULTS
Participant Characteristics
We received complete data for all of the variables for 4508 subjects. Forty-nine percent of subjects were boys.
The median age was 12 years (range: 9 -15 years); 8% were fifth graders, 26% sixth graders, 31% seventh graders, and 35% eighth graders. The modal age for each grade was as follows: fifth grade: 10 years; sixth grade: 11 years; seventh grade: 12 years; and eighth grade: 13 years. Overall, 3291 subjects (73%) were at the modal age for their grade. Ninety subjects (2%) were younger than the modal age for their grade, and 1129 (25%) were older than the modal age for their grade. Table 1 details the differences between study subjects as compared with those excluded for having missing data. Study subjects reported significantly better school performance than did excluded subjects. Study subjects also reported slightly but significantly less weekday screen time and weekend screen time and cable movie channel availability than subjects who were excluded for missing data. Parental R-rated movie and television restriction did not differ between the 2 groups. Overall, study subjects reported significantly higher levels of maternal support, maternal control, and self-esteem and less rebelliousness. Retained subjects also had higher parental education and came from schools with a higher socioeconomic status. Table 2 details the relationship between media use and the covariates. There were significant correlations between all of the covariates and the media use variables. Weekday screen time, weekend screen time, and cable movie channel availability all decreased with increasing maternal support, maternal control, child self-esteem, grade, parental education, and school socioeconomic status and increased with increasing rebelliousness, sensation seeking, and older age for grade. Parental R-rated movie and television content restriction increased with maternal support, maternal control, child self-esteem, parental education, and school socioeconomic status and decreased with increasing grade, rebelliousness, and sensation seeking, and the correlations with these last 2 variable were particularly strong. As compared with girls, boys reported higher weekday and weekend screen time and less parental restriction of television content and R-rated movie viewing.
Correlates of Media Use
Relationship With School Performance
Overall, 36% of subjects reported excellent school performance, 38% reported good performance, 20% reported average performance, and 7% reported below average performance. The line plots in Fig 1 illustrate the relationship between school performance and each of the media use variables. The proportion of subjects with below average performance rose beyond 3 hours of weekday television screen time (Fig 1A) or 1 hour of weekday video game screen time (Fig 1B) but was not affected by weekend screen time except at the highest level of exposure (Fig 1 C and D) . The proportion of students with excellent school performance seemed more sensitive to the effect of weekday media time; for example, the proportion of students with excellent performance dropped from 50% for adolescents with no television weekday screen time to 24% for adolescent with 4 -7 hours of screen time (Fig 1A) . Again, the effect of weekend screen time was weaker.
The line plots in Fig 2 show the relationship between media content measures and school performance. All of the measures of content were linked strongly with excellent and poor school performance, with the strongest association being seen with parental R-rated movie restriction (Fig 2C) . For example, whereas only 0.4% of adolescents who were never allowed to view R-rated movies reported below average grades, 13% of those reporting no restriction reported below average grades.
After adjusting for other covariates, the cumulative odds of poorer school performance increased with higher weekday television screen time and cable movie channel availability (Table 3 ). The odds of poorer school performance decreased substantially with report of television content restriction and with higher levels of parental R-rated movie restriction. The effect size for the content restriction variables on poor school performance exceeded that of other important influences, including parenting style and child self-esteem and rebelliousness. All else being equal, weekend screen time and video game use were not associated with school performance.
Testing for interaction effects revealed interactions by gender for cable movie channel availability and R-rated movie restriction (Table 4 ). The effects of these media exposure variables varied for girls versus boys. The association between exposure to cable movie channels and poor school performance was greater in girls than in boys (1.11 vs 1.04; P ϭ .02). On the other hand, the association between parental R-rated movie restriction and poorer school performance was greater for boys. As compared with never watching R-rated movies, boys who were allowed to watch R-rated movies "once in a while," "sometimes," or "all the time" had a consistent 64% increased odds of poorer school performance. Although the association between R-rated movie restriction and school performance was weaker and not statistically significant in girls, the odds of poorer school performance increased in a stepwise fashion with more laxity of parental R-rated movie restriction (Table 5) .
DISCUSSION
We found a strong detrimental relationship between measures of media use and school performance in middle school children. This relationship persisted after controlling for a number of potential confounding influences. Our study supports both the displacement and the content hypotheses, with exposure to adult content having the strongest and most consistent negative impact on school performance. In addition, increased television weekday screen time had a detrimental impact on school performance, consistent with recent reports by others. [15] [16] [17] Weekend screen time was not associated with school performance, lending some support to the displacement hypothesis, in that weekend screen time would be less likely to displace school work due on the following day. Taken as a whole, our findings add empirical support to the importance of American Academy of Pediatrics guidelines 35 for parental limits on media time (particularly weekdays) and content as a way to enhance the chances of success in school during adolescence.
This study has several strengths, including theorybased measures of media exposure, large sample size, and controls for a number of personality and parenting characteristics. The finding that television, movie, and video game use during the middle school years is uniformly associated with a detrimental impact on school performance despite extensive controls speaks to the strength of the media-school performance relationship. The finding that weekday, rather than weekend, media exposure time is more strongly associated with poor school performance adds to the notion that weekday exposure displaces time that might have otherwise been spent doing schoolwork and suggests that pediatricians should instruct parents to pay particular attention to media exposure on school days. The finding that exposure to adult media content may have impact over and above the impact of media exposure time suggests that other mechanisms are in play. Future studies should consider the strong correlation we have found between exposure to adult media content and sensation seeking/ rebelliousness. One potential causal pathway could be from exposure to adult media content, to higher levels of sensation seeking and rebelliousness, to poor school performance. Our findings contrast with the findings of Anderson et al, 14 who found overall positive effects of educational television exposure during preschool years on adolescent school performance. Although we are unable to comment on a potential beneficial effect of viewing educational programming during adolescence, we suspect that educational viewing declines as adolescents start to make more independent choices in the content of the media they use. 3 The varied susceptibility to the detrimental effects of cable movie channel availability or R-rated movie exposure by gender is interesting and deserves additional exploration. In the present study, we found that girls were more vulnerable if there were more cable movie channels in the home, whereas boys were more vulnerable if R-rated movie viewing was not restricted. In addition, whereas the risk of poorer school performance for boys increased dramatically with any loosening of R-rated movie restriction, for girls the risk increased incrementally with loosening of these restrictions. We struggled to explain why response to 2 different content measures would affect boys and girls differently. Preliminarily, the results suggest that girls respond poorly to the ability to access more adult content and boys respond poorly to a lessening of parental control over access to content. Previous work has documented that children's patterns of media use differ by gender. 36 A study in college students found that exposure to media content had different effects on girls' and boys' attitudes and behaviors; for girls, the greatest impact on high-risk behavior was exposure to music videos. 37 Given the borderline statistical significance for our interaction results, they should be viewed with caution. Additional studies are warranted to examine the underlying mechanisms through which media exposure affects school performance and with an emphasis on how boys may respond differently from girls. This study is also subject to several limitations. We used a self-report measure of school performance as our main outcome. Use of self-report for school performance is supported by previous studies showing that, whereas students may inflate their grades, 14, 38 self-reports generally correlate with teacher reports. Specifically, Anderson et al 14 reported that whereas self-reported grades were inflated from 0.26 to 0.37 points on a 4-point scale, they were highly correlated with transcript grades (r ϭ 0.71-0.82). Hence, we believe that despite the probable grade inflation, the substantial and statistically significant correlative associations between the self-reported grades and all of the covariates are internally valid. The study was conducted in a limited geographic area, so it is possible that the findings may not hold true for children in other areas of the country. A national sample would be needed to determine whether the relationships between media use and school performance apply across populations, especially among minority populations. In addition, it is always possible that there are other unmeasured confounders that would explain the association between television exposure and school performance. Notably, our study did not include any measure of child intelligence quotient. It is possible that children with low intelligence quotient perform more poorly in school and, as a result, have less interest in school and greater interest in television, movie, and video game use. Finally, whereas we have established a relationship between exposure to adult content in television and movies and poorer school performance, because of our crosssectional design, we cannot infer a before-and-after relationship between content exposure and school performance. Additional work is needed to clarify directionality, along with the intervening processes between adult content exposure and school performance. A longitudinal study, with data on potential mediators, as well as school performance, could be helpful in studying this relationship.
CONCLUSIONS
We found a strong, independent relationship between measures of exposure to media and poor school performance. The findings in this study add support to the recommendation that parents of young adolescents limit not only the amount but also the content of their child's media exposure. Specifically, our data support the recommendation that parents limit weekday television and video game time to Յ1 hour and restrict access to adult media by limiting exposure to cable movie channels and R-rated movies and videos. Results for the ordinal logistic-regression analysis, stratified by gender.
